Background: The difference of inflammatory response between the pathogenesis of cerebral large-and small vessel disease after stroke remains unclear. In present study, we aim to determine the association of circulating inflammatory markers with different stroke subtype. Methods: 99 patients with non-cardioembolic stroke were divided into large artery atherosclerosis (LAA) and small-artery occlusion (SAO) according to TOAST classification. A panel of plasma inflammatory markers including leukocyte, lymphocyte, CRP, fibrinogen, D-dimer, CD40L, IFN-γ, IL-1α, IL-1β, IL-6, IL-8, IL-17 and TNF-α were measured within 72 hours following cerebral ischemia. The relation of their levels in plasma with stroke subtype was further studied. All statistical data analysis was performed by SPSS 17.0 software. Results: We found that only CRP were closely associated with stroke subtype (p<0.05). Compared to SAO subgroup, the plasma levels of CRP was higher in LAA subgroup (p<0.05). The predictive efficiency of CRP more than 3.2 for LAA was 85.7% sensitivity. The influencing factor of CRP includes IL-6, lymphocyte, fibrinogen and D-dimer. Conclusion: LAA had a stronger activation of inflammation than SAO in the pathogenesis, which was associated with the changes of CRP.
INTRODUCTION
Inflammatory response plays an important role in the pathophysiology of acute ischemic stroke [1] . It is involved in the occurrence and development of cerebral ischemia. A higher plasma level of several inflammatory mediators is found in stroke patients compared to the healthy controls [2] [3] [4] . However, the difference of inflammatory response in stroke subtypes remains unclear [5] [6] [7] [8] [9] . Currently, the Trial of Org 10172 in Acute Stroke Treatment (TOAST) criteria is the most widely used stroke classification to classify stroke etiology into five subtypes: large artery atherosclerosis (LAA), cardioembolic stroke (CE), small artery occlusion (SAO), other determined etiology and undetermined etiology. The classification is mainly based on electrocardiogram, Echocardiogram, cervical Doppler and MRI etc [10] . The LAA subtype
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International Publisher results in stenosis or occlusion of intra or extracranial large arteries, the instable plaque, artery to artery embolism and hypo-perfusion. The lipohyalinosis, vasoconstriction, arteriosclerosis, and atheroma were suggested the cause of SAO [8, 10] . The common pathophysiology of LAA and SAO was atherosclerosis and focal inflammation [9] . It is noted that LAA subtype has a higher recurrent risk and a worse clinical outcome than SAO subtype. It is necessary to determinate the difference of the pathogenesis between LAA and SAO, which was useful for the diagnosis and therapy in non-embolic stroke. In present study, we focus on the inflammatory markers in the difference between LAA and SAO. We choose a panel of biomarkers related to atherosclerosis and inflammation to measure, including leukocyte, lymphocyte, monocyte, CRP, fibrinogen, D-dimer, CD40L, IFN-γ, IL-1α, IL-1β, IL-6, IL-8, IL-17 and TNF-α, and further investigate their relation with non cardioembolic stroke subtype.
MATERIALS AND METHODS

Study subjects
Patients with acute non-cardioembolic ischemic stroke were recruited between September 2009 and October 2012, from the Department of Neurology, Ruijin Hospital, Shanghai Jiao Tong University, China. Two neurologists make a diagnosis of ischemic stroke based on World Health Organization criteria. The NIHSS score was evaluated during the first day of admission in hospital. The etiological diagnosis was done using TOAST classification criteria. All diagnosis was confirmed by MRI imaging (DWI). The infarct volume was calculated by ABC/2 methods [11] . Tumors, abnormal renal or liver function (plasma creatinine >140 μmol/L or GPT >75 IU/L or GOT > 40 U/L), infectious diseases, immunity diseases, blood disorders, and recurrent stroke were excluded. The therapy protocol was based on the guidelines for stroke management in China. The blood tests (leukocyte, lymphocyte and monocyte) and lipid panel screen including cholesterol, triglyceride, LDL, HDL, ApoA, ApoB and Lp (a) were routinely measured in the laboratory of Ruijin hospital.
The study was approved by the Institutional Review Board of Shanghai JiaoTong University. Written informed consent was obtained from patients prior to study enrollment.
Blood sample collection
On the day of admission, 4 ml blood sample was collected into an EDTA containing tube within 72 hours following cerebral ischemia. Blood sample was centrifuged and fractionated at 3000 g for 15 minutes at 4°C. The plasma layer was stored at -80°C for the measurement of individual biomarkers.
Measurement of plasma inflammatory biomarkers
Plasma pro-inflammatory cytokines including CD40L, IFN-γ, IL-1α, IL-1β, IL-6, IL-8, IL-17 and TNF-α were measured by ELISA assay using Mosaic TM ELISA human cytokine panel 1 Kit (R&D Systems, Minneapolis, MN) according the protocol as described. The minimum detectable doses (MDD) were: CD40L 2.23 pg/ml, IFN-γ1.38 pg/ml, IL-1α 0.59 pg/ml, IL-1β 0.20 pg/ml, IL-6 0.41 pg/ml, IL-8 0.59 pg/ml, IL-17 0.17 pg/ml and TNFα 1.65 pg/ml. The percent coefficient of intra-assay and inter-assay variation was less than 8% and 10%, respectively. Fibrinogen (Fg), D-dimer and CRP were measured by commercial ELISA Kit according the protocol (EIAab, Wuhan, China). For each standard and sample, duplicate readings were performed. The minimum detectable doses (MDD) were: Fg 0.01 g/L, D-dimer 0.01 mg/L and CRP 0,039 mg/L. The percent mean coefficient of intra-assay and inter-assay variation was within 8% and 10%, respectively.
Statistical analysis
The statistical analysis of data was performed by SPSS 17.0 software. First, Kolmogorov-Smirnov test was used to determine the normal distribution or not for all data. Data with a non-normal distribution was presented as median (lower Quartile, upper Quartile). Nonparametric Mann Whitney U test was applied to study the relation between variables in LAA and SAO. Receiver operator characteristic (ROC) curve analysis was done for the determination of the predictive sensitivity and specificity of biomarker. The significant statistical value was considered as p<0.05.
RESULTS
General information
Ninety-nine patients with non cardioembolic stroke were recruited. According to TOAST, patients were further classified into LAA group (n=52) and SAO group (n=47). There is no statistically significant difference in age, sex, or risk factor, including a history of diabetes, hypertension or hypercholesterolemia ( Figure 1A] . ROC analysis showed that the optimal cut-off point of CRP was 3.20 [AUC 0.70 (0.56, 0.84), p=0.022], suggesting that a higher level of CRP more than 3.2 is associated with LAA subtype (Figure 1B , sensitivity 85.7% and specificity 48.1%). The study about the time course of CRP in the acute stage after stroke showed that plasma CRP was significantly higher in patients with LAA subtype than in patients with SAO subtype within one day of onset ( 1.3-1.82) between the two groups to study the different inflammatory mediator levels between smaller large vessels stroke (n=23) and SAO (n=15). We found that smaller large vessels stroke had a higher CRP level than SAO (Table 5, p=0.05). Table 3 Circulating inflammatory markers between large-and small vessel disease in patients with acute ischemic stroke within 1-3 days of onset.
Table 4
Influencing factors which were correlated with CRP level in patients with acute ischemic stroke. 
DISCUSSIONS
Our study demonstrated that among a panel of inflammatory markers, CRP was the only one, which can distinguish large-from small vessel disease in acute ischemia stroke patients with 85.7% sensitivity. Rest cytokines such as CD40L, IFN-γ, IL-1α, IL-1β, IL-6, IL-8, IL-17 and TNF-α etc, serum lipid and fibriolytic/coagulation were not sensitive for the etiological diagnosis in non-cardioembolic stroke. Moreover, IL-6, lymphocyte, Fibrinogen and D-dimer were correlated with the plasma level of CRP.
Atherosclerosis is the main basic pathophysiology in patients with non-cardioembolic stroke including large and small vessel disease. The metabolism of lipid and chronic inflammation are involved in the occurrence and progression of atherosclerosis. LDL is deposited in the lining of the arteries and forms a plaque. When the plaque blocked the vessel or instability, the acute ischemic stroke is induced and subsequently the inflammatory damage is initiated in the core and peripheral ischemia area in the brain. The coagulation and fibrinolytic procedure are also trigged by the thrombus. In general, inflammatory response plays an important role in patients with LAA and SAO, associated with instability of plaque, stenosis or occlusion of the large or small vessels, and the secondary ischemic cerebral damage. Many studies demonstrated that high levels of inflammatory mediator such as plasma IL-6, TNF, IL-1, CRP etc. could predict stroke severity and poor long-term outcome. We hypothesized that inflammatory makers may have a potential to distinguish occurrence of LAA or SAO. Hence, we choose a panel of blood biomarkers such as pro-inflammatory cytokine commonly studied, fibrinolytic/coagulation mediators, serum lipid and CRP to measure, and attempted to determinate non-cardioembolic stroke subtype. It is interesting that pro-inflammatory cytokines, fibrinolytic/coagulation mediators, and serum lipid were all useless to confirm non-cardioembolic stroke subtype except CRP. The LAA subtype showed a higher CRP level in plasma compared to SAO. This result suggested that CRP possibly play an important role in the instability and gravity of plaque, compared to the other cytokines, the lipid factors, etc. Interestingly, our data showed that pro-inflammatory cytokine "IL-6" and fibrinolytic/coagulative maker "fibrinogen" "D-dimer" was related with CRP levels. It provides additional evidence that only CRP could differ LAA and ASO among a panel of markers. CRP could possibly represent that multiple pathway including inflammatory response, oxidant and fibrinolytic procedure as a marker of combine action. Moreover, our result showed that smaller large vessel stroke had a higher CRP level than SAO (p=0.05). We believe a larger amount of patient number may increase the significant difference. CRP may be applied clinically in cases when determining subtype based solely on clinical presentation is difficult.
CRP was an acute-phase protein, which was synthesized and released into the peripheral blood by the liver in response to inflammation. Normally, CRP level in plasma is very low. When the acute inflammatory response or tissue injury occurred, its level rapidly increased within several hours and reached a peak after 2 days of stroke. Data demonstrated that elevated CRP in plasma could predict not only future vascular events in healthy individuals, but also an increased risk of fatal or nonfatal cerebrovascular events in ischemic stroke patients [12] . Elevated CRP levels at admission are significantly associated with early neurologic deterioration [13] , poorer functional outcome, both short-and long-term mortality after stroke [14] [15] and predict a larger infarct size [16] [17] . Our study provides further evidence that elevated CRP could be served as a biomarker for the diagnosis of non-cardioembolic stroke subtype, especially within 1 day of stroke onset. A higher level of CRP more than 3.2 is associated with LAA subtype, compared to SAO subtype. Ladenvall et al. demonstrated the similar result that CRP levels differed between etiological subtypes of ischemic stroke both in the acute phase and at the 3-month follow-up. CRP at follow-up was associated with overall ischemic stroke and the large-vessel disease subtype [18] . However, several different results had been also reported. It may exist some links between the LAA subtype of stroke and elevated oxLDL, but not CRP [19] . CRP is significantly associated with the risk of having a first ischemic stroke, especially for small-vessel disease [20] . The common limitation of two negative studies is a small number of LAA subtype, only 20 patients. It may result in different conclusion. It is limited that the specificity of CRP was not strong. The systemic inflammation, infection and atherosclerosis and several In summary, CRP is one of the most extensively studied markers, which was associated with all stages of atherosclerosis, from the formation of the plaque to the occurrence and the progression of acute ischemic stroke. Higher CRP level in LAA supported our hypothesis that LAA had a stronger activation of inflammation than SAO in the pathogenesis of stroke. Using the biomarker "CRP" may be a feasible strategy to improve the diagnosis of non-cardioembolic stroke subtype in the acute phase. Moreover, a decrease of CRP levels by several drugs such as statin and antiplatelet medication, would be accelerated for the application of optimal secondary prevention to get a better clinical outcome and a decrease rate of recidivation. A large population study was needed to confirm the predicted power of CRP for stroke subtype.
